Introduction
The improvements in prenatal and postpartum care coupled with advances made in medical technology have increased the survival rate of extremely preterm and low birth weight infants . 1, 2 Despite the innovative interventions and improved survival rates for immature infants, 3 the incidence of developmental and motor disorders among these infants has remained almost unchanged. 4, 5 Secondary concerns are about increased rates of developmental disability and the declining quality of life in preterm infants. 6 Motor developmental disorders as well as hearing and sight disorders are associated with preterm birth and very low birth weight. It has been observed in one out of every three infants born premature. 4 Complex biological, medical, and environmental elements contribute to developmental problems in infants born preterm. [7] [8] [9] [10] [11] [12] Small for gestational age premature infants are at a higher risk for developmental and cognitive delays. Those born at extremely low birth weights are at a double risk and require special clinical attention and care. 13 There has been some research indicating that early motor intervention can facilitate motor development and minimize the harmful effects of the NICU environment. 7 The interventions in this area might have a significant impact on differentiation of muscle fibers and consequently on the development of postural tone in infants born preterm. 14, 15 As for the effectiveness of early developmental interventions on preterm infants' motor development at infant, preschool, and school ages as well as in adulthood, some studies revealed no significant differences among the infants of 0-3 years of age with respect to the motor outcomes. Nor were there any differences in motor outcomes between infants in the intervention and control groups who weighed more or less than 2000 grams. This review demonstrated that the effect size of intervention on motor development is relatively small; however, there was a statistically significant difference at infancy.
Programs that began in hospital were found to have a slightly greater impact on motor outcomes at infancy than did the ones that were initiated following hospital discharge. The programs that focused on infant development alone had a slightly greater impact on motor outcomes at infancy than those that simultaneously focused on the parent-infant relationship as well as infant development; however, the effect in neither group was significant. 16, 17 A meta-analysis study found that the children born LBW or preterm who participated in early intervention programs exhibited significant improvements in their mental or neuromusculoskeletal and movement functional developments. 18 There is some evidence suggesting that physical activity can be useful in decreasing the risk of osteopenia in infants born preterm by promoting bone mass and weight gain. [19] [20] [21] Some benefits of hydro-kinesiotherapy for accelerating the growth and development of biological systems are found in premature infants hospitalized in NICUs. Sweeney found hydrotherapy to be useful for promoting weight gain and feeding tolerance. 22 Vignochi indicated that aquatic physical therapy was effective in reducing pain and improving sleep quality. These authors suggested that hydrotherapy can be used as a nonpharmacological method for relieving pain and improving deep sleep quality and duration and can contribute to the reduction of the harmful effects of the NICU in infants, without¬ depriving them of the tactilekinesthetic stimulation necessary for their neurodevelopment. 23 In 1983, Sweeney compared exercises in water with immersion only and found normal vital signs during both procedures. 22 Recently Tobinaga has shown that preterm newborns have a significant reduction in both heart rate and respiratory rate (both within normal limits), and that their salivary cortisol levels were significantly reduced after hydrotherapy, suggesting shortterm relief from stress. 24 Based on this evidence, aquatic physical therapy might be introduced as a safe intervention for infants born preterm.
In view of the alarming prevalence of preterm birth in Iran almost 9.2% 25 it seems necessary that adequate planning should be made to improve the quality of life of the preterm infants. We are endeavoring to enhance our knowledge and understanding of the physical therapy programs for different purposes in infants born preterm. Even though there is no shortage of such programs, further studies are required to help us identify the effectiveness of interventions. As such, this study was designed and implemented as a step towards identifying appropriate interventions for premature infants. Studies on effectiveness of physical activity and hydrotherapy programs in promoting motor development in this population of infants are limited. 26 Knowledge of what influences neurodevelopmental outcomes is the key to developing better strategies. 12 The purpose of the present study was to assess the immediate (short-term) effects of physical activity in and out of water versus a control group on motor performance and neuromuscular development of infants born preterm hospitalized in a NICU. This study hypothesized that physical activity in or out of water may have different effects on functional motor performance and neuromuscular development, i.e., postural tone, based on the type of intervention and the environment (e.g., diminished force of gravity in the water). This study aimed to compare the effects of different types of physical activities on motor performance and neuromuscular development in infants born preterm. Researchers hypothesized that physical activity in bed would have a larger effect on neuromuscular development and consequently improve functional motor performance than hydrotherapy would. Furthermore, we expected that a combination of both programs would be the most effective in improving both functional performance and postural tone. The inclusion criteria were gestational age (GA) at birth between 25 and 30 weeks and corrected age of 32 weeks PMA at study time , minimum birth weight of 800 grams and weight appropriate for GA, Apgar score of more than 7 at 5 th minute after birth, the weight range of 1000 to 2000 grams at entry point to the study, no congenital anomalies, being subjected to mechanical ventilation and sedative and muscle relaxants drugs for at least 3 days, receiving no aggressive treatment at the time of the study, no maternal substance abuse, no septicemia, no evidence of metabolic problems or grade 2 and above intraventricular hemorrhage (IVH), and no neurological problems or chromosomal disorders. The infants who had late diagnosis of congenital neurological anomalies, chromosomal disorders, cardiopulmonary or neuro-musculoskeletal diseases and other conditions that needed surgery or phototherapy at the time of study and who had been transferred to another center were excluded from the study. For study groups and interventions were as follow:
Materials and methods
I-The physical activity was based on the Moyer-Mileur protocol. 19 Both extension and flexion were performed five times at the wrist, elbow, shoulder, ankle, knee, and hip joints. The sequence was performed slowly and in the cephalo-caudal direction with gentle pressure within the range of motion. To cause a minimum of stress for the patient, the movements began with one side (the right arm and leg) and then finished on the other side (the left arm and leg). A total of 14 sessions was provided within 14 days beginning at 32 weeks postmenstrual age (PMA).
II-The hydrotherapy program was implemented based on the methods used in Sweeney 22 and Vignochi's 23 studies. The infant was placed in water at 99-101 °F (37.2-38.3°C) with the head, neck and pelvis supported. In the first few moments, we gave the baby an opportunity to adapt to the water environment. Then for 10 minutes rotational movements were applied to the pelvis while the head and the neck were held still and then the pelvis was held still to perform movements on the upper limbs. The program was performed every other day for over 14 days (7 hydrotherapy sessions overall) beginning at 32 weeks PMA.
III-Infants in combination group received the previously described hydrotherapy and physical activity programs on alternating days over 14 days. Overall, 7 sessions of hydrotherapy and 7 sessions of physical activity were provided. IV-In containment group, infants were placed on one side in a fetal position with a hand (not too soft, not too hard) on the neonate at the top of the head and over the trunk and hip area to flex the hips for 10 minutes daily for 14 days. All treatments were performed 30 minutes before or an hour after being fed for 10 minutes daily. Infants put in the nest in sidelying position 10 minutes before and after interventions without any manipulation.
The use of standardized tests is necessary for adequate assessment of the outcomes of early intervention. 27 Among the specific tests used to assess the motor development of babies, the Test of Infant Motor Performance (TIMP) was developed for early identification of delayed functional motor development and to assess the efficacy of physical and occupational therapy in clinical practice. It considers the influences of the infant's neurological maturation, the environment, the force of gravity, and posture on motor development. [28] [29] [30] The TIMP consists of 42 test items in 2 distinct sections: 13 observed items and 29 elicited items, which test the infant's functional postural and motor control. Each item has its own scale; the number of points varies from 0 to 6. A total raw score is summed from item scores and then z scores were calculated. Results of raw scores are classified as "average" (within −0.5 to +1.0 standard deviations (SD) of age mean), "low average" (−0.5 to −1.0 SD below age mean), "below average" (−1.0 to −2.0 SD below age mean), and "far below average" (more than−2.0 SD below age mean). 31 The TIMP has been shown to be valid as an outcome measure in three clinical trials involving intervention in the NICU. [32] [33] [34] Infants were assessed with the TIMP at 32 and 34 weeks PMA by a pediatric occupational therapist blind to group assignment. The evaluator studied the TIMP user's manual, watched the self-instructional program on the TIMP which has been shown to produce reliable scoring, and practiced application of the test with infants born full term and infants born preterm at a variety of postmenstrual ages (PMA) over a 2-month period.
Neuromuscular examination consisted of 6 limb tone patterns based on New Ballard score 35 which was adapted for infants born extremely preterm and two items from the Dubowitz GA assessment included leg recoil and ankle dorsiflexion. 36 Each item was measured by using a standardized form. The infants were examined undressed on an open bed or in their cot in a warm, quiet room. The neuromuscular assessment was completed by a neonatologist blind to group assignment at 31/6 weeks PMA, a day before the interventions began, and at 35/1 weeks PMA, a day after the interventions ended.
Evaluation of TIMP scoring reliability was performed by an expert pediatric occupational therapist by making video recordings of the assessment of 20 infants, rescoring based on the videos and comparing the results of the observations, the reliability of the evaluator was acceptable to achieve an intra-rater correlation coefficient (ICC=0.8). The neuromuscular test was performed by neonatologists. Scoring of 10 infants was done simultaneously by two persons. The intra-rater correlation coefficient of the observations was acceptable (ICC = 0.8).
Based on the information from twenty infants born preterm, sample size was estimated according to the mean (standard deviation) of the neuromuscular development items and motor performance scores on a pilot study. G power software as well as assuming the confidence interval of 95%, the test's power to be 0.8 and the effect size to be 0.4, the total sample size required was 76 infants and at least 19 infants for each group. The infants were allocated to physical activity, hydrotherapy, combination, and containment groups through random blocks of sizes 4 and 8. The statistical analysis and randomization were done by an associate professor of statistics who was blinded and independent from the study. The same effect size was observed in another recent study. 33 Motor function and postural tone outcomes were considered primary, because either or both could have been affected by the interventions. 132 infants were screened for inclusion in the present study and 56 infants did not meet the inclusion criteria (Fig. 1) . Thus 76 eligible Fig1: Flowchart of the study infants at 32 weeks PMA were recruited for the study. Informed parental consent was obtained for each infant. The infants were randomly assigned into one of the four groups and received their programs. Before the interventions and assessments began, the physician and the nurse in charge were asked for permission to proceed. The infants' heart rate and oxygen saturation level were monitored during the intervention, using a portable oximeter. In order to ensure the security and safety of children, the interventions were done by a nurse who practiced the protocol of interventions under the supervision of a pediatric occupational therapist, with infants born preterm over a 2-month period and she was familiar with stress and stability behavioral cues according to the assessment of infants born preterm behavior (APIB). 37 The battery-operated heart rate and blood oxygen saturation was monitored through using a pulse oximetry sets, model Nova Metrix 512 made in USA. When physiological instability occurred once during the program (i.e., heart rate below 100 or over 180 bpm and drop of SaO2 to less than 88% twice during the intervention) 38 
Moreover, when physiological instability lasted more than 12 s and occurred twice within 24 hours after intervention, the baby was deemed to be intolerant of intervention and he/she was excluded from the study.
During the assessment, both the examiners and the statistical analysis were blind about the type of intervention received by the infants. Two infants were excluded because of physiological instability.
Normality were assessed using Kolmogorov-Smirnov test. Mean and standard deviation, frequency and percentage, maximum-minimum were calculated for description of variables. The comparison of the groups in terms of qualitative variables was performed by chi-square test. Post-test group means for TIMP scores were analyzed, using One-way analysis of variance (ANOVA). The comparison of the groups in terms of delay percentage was performed through variance analysis. Analysis of covariance (ANCOVA) was used to adjust confounding variables.
Pearson test was used to determine the correlation between motor function and duration of hospital stay, days submitted to mechanical ventilation, the duration of treatment with sedative drugs and the number of surfactant received. Sign test was performed to compare the results for the variable 'neuromuscular development' obtained before and after the intervention. Chi-square test was used for post-comparisons neuromuscular difference between groups. The data were analyzed using SPSS version 13.
Results
Overall, the results for 76 infants were available for analysis. 59.2% of the participants were female. Average birth weight was 1036 (SD=196) grams. The most common cause of hospitalization in the intensive care unit was prematurity with respiratory distress syndrome (100%). There were no statistically significant differences in the demographic and clinical characteristics between the groups (P>0.05). All the groups were similar, regarding gender, days with mechanical ventilation, and Apgar score at 5 minutes after birth. All of the infants were at 32 weeks PMA and the mean chronological age was 28.98 (SD=12.64) days at the beginning of the study. (Table 1 describes clinical and demographic variables.)
The analysis revealed that there were no statistically significant differences on the TIMP between the groups at beginning of 32 weeks PMA (pretreatment) (P = .18). All infants improved their raw scores on the TIMP at the end of 34 weeks PMA (the post intervention), but there was no significant difference in mean motor performance for raw (P = .11) or Z (P = .11) scores between the groups at the end of 34 weeks PMA. The post-intervention ANOVA showed no differences between the groups ( Table 2 ). The proportions of infants in the categories of average motor performance between the study groups was not significantly different (P = 0.26) ( Table 3) . About neuromuscular development, the analysis indicated that there were not significant differences in post intervention on Posture, Arm Recoil, Popliteal Angle, Scarf Sign, Heel to Ear, Square window and Ankle dorsiflexion items. Just, leg recoil was a significant difference on physical activity and Hydrotherapy groups (P<0.05). Comparison of the scores for the 4 groups at 34 weeks PMA indicated that passive physical activities affected leg recoil of postural tone and that the other neuromuscular development changes over time were most likely due to maturation of all groups (Table 4) . € Chi-square test was used.
* statistically significant
Discussion
The present study compares the effect of various types of physical activity programs on functional motor performance and neuromuscular development of postural tone in infants born preterm. The findings of this study showed that different types of physical activity programs have the same containment effects on functional motor performance as the development of postural tone except leg recoil. The groups did not differ statistically from each other, indicating that change was most likely due to maturation. The results of the study also indicated that there was no relationship between motor function and duration of hospital stay, days with mechanical ventilation, the duration of treatment with sedative drugs, and having received surfactant. The infants in this study, although born prior to 32 weeks GA, were relatively low risk without major medical complications, and 97% performed within the normal range on the TIMP at the end of the study (34 weeks PMA). The results might differ in older infants or those with more medical complications. Several studies have investigated the effect of active therapy programs on motor performance in infants born preterm at older ages with varying results. For example, Piper et al., found that performance at 12 months of age in an experimental group was not superior to the control group in any of the assessed areas of development. They indicated that infants born at earlier gestational ages (P<32 weeks), when compared with later ages (32-36 weeks), scored lower on tests of gross motor development. Short gestational age may relate to the quality of motor performance at a later age in infants born preterm. 39 Other studies indicated that experiences such as prolonged hospital stay, disorders related to medical complications or limitations resulting from medical technologies, septicemia and need for mechanical ventilation that cause inactivity might be associated with infant's motor performance and postural stability. [40] [41] [42] On the other hand, Girolami and Campbell reported that a neuro-developmental treatment program was an effective method of improving motor performance of infants born preterm at high risk for developmental disabilities during their stay in the intensive care unit. 34 Resnick et al., reported that developmental intervention programs for high-risk infants born preterm resulted in a significant improvement in physical abilities, and the quality of infants' interaction with their parents in the treatment group was better than that in the control group. 43 The studies by Girolami and Campbell and by Resnick et al., showed that active physical activity has a positive effect on functional performance of premature infants. These results were not similar to the results in the current study due to different interventions (active versus passive), duration of treatment and follow up timing (immediately after intervention versus longer follow up periods). Piper et al., and Saylor et al., indicated there was no difference between the outcome of assessments for those infants who received early interventions at the intensive care unit and infants who received the treatment at older ages. 39, 44 These results were similar to the current study.
We used the parameters derived from New Ballard's assessment 35 , an accepted measure of the functional state of the nervous system, to clinically measure the effect of different type physical activity programs on the level of maturation of the neuromuscular system. This study appears to provide the first evidence that physical activities in or out of the water during their hospital stay does not produce significant change in neuromuscular development, except leg recoil, of infants born preterm. Leg recoil provides information on the reaction of the lower limbs to physical activity. The post comparison of 8 items indicated that change in leg recoil was significantly better in the physical activity, hydrotherapy and combination groups. The literature search did not reveal any previous studies which investigated the short term effects of passive physical activities on neuromuscular development in preterm infants.
The duration of the intervention was short, and we believe that had we applied the movements for a longer period, a greater advancement in neuromuscular maturity could have been achieved in the trunk and limbs, which mature at a later age. Additional studies are needed to determine if, with optimal timing and duration, or an integrated different kind of passive and active intervention can yield a better neuromuscular outcome in infants born preterm.
Although this study did not show a positive effect for the physical activity on motor functional performance, we cannot yet ignore the effectiveness of this program in other ways. Some evidence demonstrated that physical activity programs might promote short-term weight gain and bone mineralization in premature infants 20, 45 and hydrotherapy had a positive effect on pain reduction, improvement of sleep quality, weight gain and feeding tolerance among infants born preterm. 22, 23 The procedures used in this study were tolerated well by the infants and thus passive exercise, either in or out of the water, appears to be a safe intervention.
The strength and exclusive aspect of the present study was its comparison of different types of passive exercise with development in a containment group. In order to minimize potential biases, the principles of clinical trial studies, including complete randomization of the participants and blinding the examiners and the data analyzers, was done.
The limitation of this study was the length of the intervention and the shortness of the follow-up time. Another limitation of the study was that the hydrotherapy group received less intervention overall than did the other groups, so its effectiveness might have been compromised by being an insufficient dose. Thus, it is suggested that another study perform the interventions for a longer period, with similar dosages or other protocols with different design, and assess motor performance and neuromuscular development. When the infants reach 34 weeks PMA, active physical therapy might be added to investigate the combined effect on bone density, functional movement performance, and neuromuscular development of a longer period of passive and active intervention. Finally, the parents were not involved in this study and a new study could investigate the benefits of having interventions done by the family.
Conclusion
This study demonstrates that passive physical activities have as the same containment effects in infants born preterm on motor performance and most items of postural tone except leg recoil. Understanding the effect of passive versus active physical therapy by using reliable and valid tests such as the TIMP may be useful to clinicians to make decisions regarding what kind of physical activity or containment can help high risk preterm infants and what dosage is useful to compensate for the complications of preterm birth.
